Background: Dry eye disease is an aging-related ophthalmic disease that not only affects the daily activities but also causes deterioration in the quality of life. This study aimed to evaluate the factors associated with dry eye symptoms in elderly Koreans. Methods: We investigated 4,185 subjects (men=1,787 and women=2,398) aged ≥65 years from the fifth Korea National Health and Nutrition Examination Survey 2010−2012. Data were analyzed using multiple logistic regressions to identify the relationships between dry eye symptoms and other factors. Results: The prevalence of dry eye symptoms was 17.9%. After adjustment for confounding factors, dry eye symptoms were significantly associated with female sex (adjusted odds ratio [aOR], 1.806; 95% confidence interval [CI], 1.410−2.313), a history of cataract (aOR, 1.683; 95% CI, 1.255−2.255), suicidal ideation (aOR, 1.414; 95% CI, 1.070−1.870), hypercholesterolemia (aOR, 1.289; 95% CI, 1.025−1.621), age ≥80 years (aOR, 0.538; 95% CI, 0.337−0.859), and sleep duration ≥9 h/d (aOR, 0.524; 95% CI,. Conclusion: Among elderly Koreans, female sex, a history of cataract, suicidal ideation, and hypercholesterolemia may be the risk factors for dry eye symptoms, whereas sleep duration ≥9 h/d can be a protective factor against dry eye symptoms.
INTRODUCTION
Aging in the South Korean population is progressing at a much faster pace than in populations in other developed countries. The elderly population was 7.2% in 2000 and 12.8% in 2015, and the elderly population is expected to increase to 20% by 2026 and to 40% by 2058.
1) Aging is accompanied by a decrease in mental and physical functions, particularly in the functions of the sensory organs, which affect daily life and health. Aging-related ophthalmic diseases, such as age-related macular degeneration, diabetic ophthalmopathy, cataract, glaucoma, dry eye disease, and low vision, have been increasing in incidence;
these cause major economic loss to individuals and society and reduce the quality of life in the elderly. 2) Dry eye is a multifactorial disease affecting the tears and ocular surface and is accompanied by increased osmolarity of the tear film and inflammation of the ocular surface, which cause ocular discomfort, visual disturbance, and tear film instability, with potential damage to the ocular surface.
3) Studies on dry eye symptoms conducted since 2006 have shown prevalence rates ranging from 12.3% to 73.5% worldwide. 4, 5) Surveys in South Korea have reported prevalence rates ranging from 8.0% to 30.3%. 6, 7) Because of the rapid increase in the elderly population, changes in the atmosphere, and modifications to the lifestyle, the prevalence of dry eye disease has been increasing, particularly in the elderly. Dry eye affects daily activities, such as reading, computer usage, television viewing, professional work, and driving, and can result in decreased visual acuity because of corneal turbidity and scarring. 8) These effects of dry eye have an enormous impact on the quality of life in the elderly.
Dry eye disease is a serious public health issue in elderly Koreans.
Although various studies on dry eye disease have been conducted using the Korea National Health and Nutrition Examination Survey (KNHANES) in South Korea, most studies have been performed in the general population aged ≥19 years old, and no study on the elderly population has been reported. Furthermore, all studies on dry eye disease in the elderly Korean population have been conducted among the community-dwelling elderly. 7, 9, 10) Therefore, we aimed to conduct this study to evaluate the factors associated with dry eye symptoms among elderly Koreans by using data from a nationally representative survey.
METHODS

Study Population
This study was based on data acquired from the fifth KNHANES (KNHANES V). Since 1998, the KNHANES has been conducted periodically to assess the health and nutritional status of the civilian and 
Data Collection and Measurement
Data were collected during standardized health examinations conducted in specially equipped mobile examination centers. To assess the smoking status, the subjects were categorized as current smokers, ex-smokers, or nonsmokers. Nonsmokers were defined as subjects who had smoked <100 cigarettes in their lifetime and exsmokers as those who had smoked ≥100 cigarettes in their lifetime but no longer smoked. Monthly alcohol consumption was defined as the consumption of at least one glass of alcohol per month during the previous year. Regular physical activity was evaluated using three categories according to the intensity of exercise. Walking was defined as walking at least 5 times per week for ≥30 min/session. Moderate-intensity physical activity was defined as performing moderate-intensity physical activity at least 5 times per week for ≥30 min/session. Vigorous-intensity physical activity was defined as performing vigorous-intensity physical activity at least 3 times per week for ≥20 min/session. Medical histories of stroke, ischemic heart disease, thyroid disease, rheumatoid arthritis, depression, and cancer were assessed using questions asking whether the subjects had received a diagnosis of these diseases from a doctor. Current medication was investigated for hypertension and depression.
Definition of Dry Eye Symptoms and Ocular Diseases
To assess the prevalence of dry eye symptoms, only the questionnaire on dry eye symptoms was used, and the subjects were asked the question, "Until now, have you ever had a symptom of dry eye before, for example, a sense of irritation or dryness of the eyes?" To this question, if the subjects responded as having experienced dry eye symptoms 'persistently, ' they were categorized as having dry eye symptoms. However, if the subjects had experienced a symptom 'sometimes' or 'occasionally' or had never experienced a symptom, they were categorized as not having dry eye symptoms. Other ophthalmologic questionnaires included questions on the history of ophthalmic surgery and history of diagnoses by an ophthalmologist, including cataract, glaucoma, and age-related macular degeneration.
Statistical Analyses
All estimates were calculated according to sample weights, which were evaluated by considering the sampling rate, response rate, and age and sex proportions of the reference population. The analysis was ad- Table 3 shows the logistic regression analysis of associations between dry eye symptoms and clinical variables. 
RESULTS
DISCUSSION
The aim of this study was to evaluate the factors associated with dry eye symptoms in Koreans aged ≥65 years. Knowledge about the factors associated with dry eye disease is very important because it can help physicians understand the pathophysiology and choose the methods of treatment or prevention for elderly patients with dry eye symptoms.
Previous studies have indicated the following as well-known risk factors for dry eye disease: older age, female sex, pregnancy, oral contraceptive use, menopausal status, postmenopausal estrogen therapy, androgen deficiency, diabetes mellitus, alcohol, smoking, caffeine, low-humidity environment, refractory surgery, and medications such as antihistamine, tricyclic antidepressants, selective serotonin reuptake inhibitors, diuretics, beta-blockers, anti-cholinergics including anxiolytics, and antipsychotics. 11) In addition, recent studies using the We found that the prevalence of dry eye symptoms was 17.9% and that the factors associated with dry eye symptoms were female sex, a history of cataract, suicidal ideation, and hypercholesterolemia. The prevalence of dry eye symptoms in our study was lower than that in studies conducted among the community-dwelling elderly population in South Korea. A study of people aged ≥65 years in the Yongin area using a six-item questionnaire to assess dry eye symptoms found a crude prevalence of 30.3%. 7) Another community-dwelling populationbased study of people aged ≥50 years in the Incheon area found the prevalence of dry eye symptoms to be 26.2%. 9) That study used a selfadministered six-item questionnaire similar to the one used in the Yongin study. Several studies from other countries have also reported a high prevalence of dry eye disease. 5, 15) The variation in the prevalence could be attributed to differences in race, ethnicity, and age of the study populations; the lack of a standardized diagnostic definition;
and the diversity of study methods.
Although some previous studies found no association between aging and the prevalence of dry eye disease, 5, 9, 15, 16) other studies showed that the prevalence of dry eye disease increases with age. 6, 17) However, our study showed that the prevalence and OR of dry eye symptoms tended to decrease with age. To date, no study has reported that old age leads to a less prevalence of dry eye symptoms. Our result can be explained as follows. First, the proportion of the group aged ≥80 years in the study population was 14.4% (n=516), and it was much lower than that of the other age groups. This low participation rate may have affected our results regarding the prevalence of dry eye symptoms in the group aged ≥80 years. Second, subjects older than 80 years who actually have dry eye symptoms may not have been selected as participants in the KNHANES. Third, the elderly people presumably do not use electronic appliances, such as computers and cellular phones, as Values are presented as odds ratio (95% confidence interval). Q, quartile.
https://doi.org/10.4082/kjfm.17.0058 much as the young adult population does, thereby resulting in less eye fatigue and dry eye symptoms in the elderly. Finally, the sensitivity of the cornea may possibly be reduced in the elderly people; hence, they are less likely to report dry eye symptoms.
Some studies have shown that the prevalence of dry eye disease is higher in women, 6, 7, 17) but other studies have found no difference between the sexes. 5, 16) Our study showed that dry eye symptoms were more prevalent in women than in men and that female sex was significantly associated with dry eye symptoms. The higher prevalence in women may be attributable to the hormonal or metabolic changes associated with menopause, post-menopausal hormone replacement, androgen deficiency, or use of oral contraceptives. 11, 18) One study showed that women in their 60s had less tear production than did similarly aged men, 19) and another study suggested that sex hormones may have an important effect on ocular surface conditions owing to their effects on lacrimal glands, meibomian glands, conjunctival goblet cell density, and ocular surface sensitivity. 20) Because the participants in our study were postmenopausal, hormones may have affected the manifestation of dry eye. However, we did not investigate hormonal factors in this study.
Notably, suicidal ideation was significantly associated with dry eye symptoms in our study. Although one study showed an association between depression and dry eye disease in the community-dwelling elderly population in South Korea, 10) no study reported the relationship between suicidal ideation and dry eye symptoms in the elderly.
One study reported that proinflammatory cytokines such as interleukin-1, interleukin-6, and tumor necrosis factor-a can cause inflammation of the ocular surface in dry eye disease, affecting neurotransmission and producing or enhancing a negative mood. 21) Considering the high suicide rate in South Korea, our study population may have included many elderly people with suicidal ideation. In addition, female sex, aging, and hormonal effects are common risk factors for dry eye disease and depression. 7, 15) However, our study did not calibrate the effects of hormones. Moreover, because a person with suicidal ideation may have other psychiatric problems, such as stress, depression, and insomnia, dry eye symptoms could be related to psychiatric medications such as antidepressants and anxiolytics.
The present study found that hypercholesterolemia was also significantly associated with dry eye symptoms. One study suggested that hypercholesterolemia is associated with meibomian gland dysfunction, which is a primary cause of evaporative dry eye disease. 22) This effect could be explained as a result of an increase in cholesterol in the meibomian gland, which may raise its lipid melting point from the normal value of 30°C−34°C to 46°C, leading to increased viscosity that may cause plugging of the meibomian orifice and aggravation of meibomian gland disease. 22) Considering the high prevalence of dyslipidemia worldwide, further studies are needed to confirm the association between dyslipidemia and dry eye symptoms.
Remarkably, we found that a history of cataract was a significantly relevant factor for dry eye symptoms. Although one study showed that cataract surgery can cause dry eye, 23) no study found an association between cataract itself and dry eye symptoms. In South Korea, the prevalence of cataract was 42.28% in the population aged ≥40 years and 94.15% in those aged ≥70 years. In addition, the prevalence of previous cataract surgery was 7.75% in the population aged ≥40 years and 30.63% in that aged ≥70 years. 24) Therefore, many subjects who had cataract or who had already undergone cataract surgery may have been included in our study. There are many known risk factors for cataract, such as aging, female sex, smoking, diabetes, inflammation of the eye, glaucoma and related treatment, ultraviolet irradiation, steroids, and hormone replacement therapy, 25) and some of these factors overlap with the risk factors for dry eye disease. Therefore, the inference of a link between a history of cataract and dry eye symptoms could be incorrectly reached because of hasty generalization. Moreover, further studies are needed to clarify the association between cataract and dry eye symptoms.
Our study found that sleep duration ≥9 h/d was significantly associated with dry eye symptoms. Similarly, one Korean study on the adult population aged ≥20 years old reported that 'mild short' (5 h/d) or 'severe short' (≤4 h/d) sleepers were at a significantly higher risk for dry eye symptoms. 12) Another study suggested that rapid eye movement during sleep serves not only to increase lacrimal secretion but also to humidify and lubricate the ocular surface. 26) In another experimental study, sleep deprivation caused the induction of tear hyperosmolarity, shortening of tear film break-up time, and reduction of tear secretion, all of which can lead to ocular surface disease. 27) In this study, however, McMonnies DEQ has been widely regarded as a standard questionnaire for screening dry eye disease, with reported sensitivity ranging from 87% to 98% and specificity ranging of from 87% to 97%. 4, 29) In addition, a recent study reported that the Standard Patient Evaluation of Eye Dryness Questionnaire is useful for the epidemiologic study of dry eye disease because of its high sensitivity and specificity. 30) However, self-reporting of dry eye symptoms by using the questionnaire in our study may not accurately reflect the dry eye condition because the pain sensitivity of elderly people is different. Moreover, the question regarding dry eye symptoms was not specific to dry eye disease, and it would be difficult to distinguish dry eye disease from ocular surface diseases, such as meibomian gland disease, allergic conjunctivitis, and chronic infectious conjunctivitis. Third, most elderly people may have had many other important systemic diseases; therefore, they may have neglected or lacked interest in their dry eye symptoms. As a result, the prevalence of dry eye symptoms may be underestimated. Finally, the possibility of recall bias in the KNHANES data should be considered because many variables were self-reported.
Despite these limitations, our study has some significant advantages. To the best of our knowledge, this is the first large population-based study to investigate the factors associated with dry eye symptoms in elderly Koreans in South Korea. This study was based on a recent survey of a nationwide, population-based, representative sample of Koreans, and all analyses in this study were completely based on sample weights and adjusted for the complex sample design of the survey.
Therefore, these results can be generalized to the Korean elderly population.
In conclusion, this study has demonstrated that female sex, a history of cataract, suicidal ideation, and hypercholesterolemia may be the risk factors for dry eye symptoms, whereas sleep duration ≥9 h/d can be a protective factor against dry eye symptoms in elderly Koreans.
The results of this study suggest that physicians should pay more attention to dry eye symptoms in the elderly patients in order to improve their quality of life. Given the prevalence of dry eye symptoms in the Korean elderly population, further studies are required to examine the causal relationships between dry eye symptoms and associated factors by using diagnostic tools with much higher sensitivity and specificity.
